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Abstract 
Since 1991, carbon nanotubes (CNTs) have been caused a worldwide wave of research interests because of its 
excellent characteristics of physical and chemical. In this study, with the idea of bottom up, we filtrated the 
suspension of CNTs and make it as a sheet-like bulk material, so called random buckypaper (RBP); that makes plenty 
of CNTs as an isotropic bulk material, and this allows the applications of CNTs in macro-scale achieve. Besides, in 
order to vary the property of RBP, we added a vortex power to disturb the suspension when filtration, that makes the 
direction of tube body align along the circumference, and it becomes as an alignment BP (ABP). 
According to testing, RBP possesses the features of lightweight, sheet-like, robust, high specific surface area, and 78 
% porosity. Under four probes resistivity test, it shows that the resistivity of ABP along the vortex direction 
(horizontally) is decreased when vortex speed increased. The results were opposite when the direction is 
perpendicular. And, after low temperature resistance test, RBP and ABP both show the negative temperature effect 
phenomenon. It was assumed that BP is a semimetal material with great conductivity ability. Thus, it was considered 
to be an excellent material for microwave application (multi-band absorption). It would be possible for BP to make a 
same revolution in material history as semiconductor did (to replace ferroalloy), because of its precedence electrical 
properties.
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1. Introduction 
Dr. Iijima, in 1991, discovered multi-walled carbon nanotubes (MWCNTs) [1], and then in 1993 found 
single-walled carbon nanotubes (SWCNTs) [2]. He revealed the special nature of this new material and 
predicted it will be the prospect candidate of nano-materials industry. And then, that make a worldwide 
wave of researches for it.  
According to the research results, no matter both in theory and experiment, they all considered that 
CNTs in micro scale owns excellent electrical and thermal conductivity, great tensile strength, and 
outstanding properties from present we have used. To the present, it is rarely being applied to life owing 
to its hard-handling tiny-size and the difference of nature between each tube. But, what is the great way to 
utilize this candidate? 
Buckypaper (BP) was created by Nobel Prize winner Dr. Smalley and his research team. They purified 
SWCNTs and added it into solution, then filtrate it with a filter, and tear it off. BP, a thin sheet made from 
an aggregate (networks) of CNTs, also becomes a major area of study today. 
There are many researches focusing on how to align the direction of CNT tube while forming BP. For 
example, (1) literature told us that CNT body will contain traces of catalyst elements (Fe, Co, Ni) which 
come from growing process. So, that will force them to move when CNTs were passing through a 
magnetic field [3]. (2) In 2001, Walters et al. [4] used a high magnetic field to prepare a straight 
alignment BP. Then, (3) Ren et al. [5] and Yeh [6], respectively, in 1998 and 2007, used a 17.3 Tesla 
magnetic field to “weaving” BP with a graphical manner. 
Standing on a practicability point of view, 17.3 Tesla means much of cost, and how about the next step 
for applications of BP? It is important for a material to have application prospects. In this study, for the 
purpose of practical application of BP, understanding the nature properties of BP is the first step, and then 
according to the resultsʿ making some predictive application measurement is the key point. 
2. Sample preparation and experimental method 
2.1. Buck paper preparation 
The BP preparation process shows in Fig. 1. With the idea of bottom up, BP is a bulk material which is 
deposited by plenty of CNTs. First, we added MWCNTs and surfactant into solution, after sufficient 
stirring the solution became a suspension. Then, we filtrate the suspension of CNTs with a vacuum power 
and make it as a sheet-like bulk material, so called random buckypaper (RBP). Besides, in order to vary 
the property of RBP, we added a vortex power to disturb the suspension when filtration, that makes the 
direction of tube body align along the circumference, and it becomes as an alignment BP (ABP). 
Fig. 1 The BP preparation flow chart. 
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As shown in Fig. 2, it is obviously that the speed of disturbance when filtration causes different 
degrees of vortex pattern. From left to right in Fig. 2, 200 rpm to 1000 rpm, the ratio of vortex pattern 
occupied on the circular area increases clearly. That means, differing from random deposition, the CNT 
tubes on ABP were arranged along the trend of circumference direction, and the disturbance speed is the 
key force to make them forming. 
Fig. 2 The Samples of Alignment BP formed by five speeds of disturbance.
Then, several test measurements were conducted with the samples of RBP, ABP with different speeds 
of forming. The size of the samples was made suitable for each measurement, but was the same with the 
average thickness of about 0.107 mm, and the average weight of about 0.005 g/cm2.
2.2. Tensile properties measurement 
In order to verify the effect of vortex power for aligning CNT tubes in the direction of circumference, 
a tensile test was performed. The principle and scheme of Micro/Nano tensile test (Kammrath & Weiss 
GmbH/ DDS32) was shown as Fig. 3 and the sample size is 1 cm × 3.5 cm. The test samples were cut 
under the direction of parallel and vertical to the circumference, just like the right side of Fig. 3. Symbol 
A and B indicate the samples were parallel or vertical to the circumference, respectively. According to the 
test results, we could understand whether the vortex power under different speed for aligning tube is 
working or not. 
Fig. 3 The Schematic of tensile testing of ABP specimens. 
2.3. Low temperature resistivity test 
Since the electrical resistance of a conductor such as a copper wire is dependent upon electron 
collision processes within the wire, the resistance could be expected to increase with temperature since 
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there will be more collisions. So, the temperature dependence of resistivity at temperatures around room 
temperature is characterized by a linear increase with temperature. It is a positive temperature coefficient 
(PTC) material’s behavior. A negative temperature coefficient (NTC) of resistivity means that the 
resistivity of a material drops with increasing temperature. And, this is the behavior of semiconductor 
material. That is why we perform this low temperature test and we would like to know what kind of 
material BP is. As shown in Fig. 4, 4 probes resistivity testing was performed under both parallel and 
vertical to circumference of samples. 
Fig. 4 The Schematic of low temperature measurment of 4 probes testing.
2.4. The microwave propagates testing  
Microwaves are electromagnetic waves with wavelengths ranging from as long as one meter to as 
short as one millimeter, or equivalently, with frequencies between 300 MHz (0.3 GHz) and 300 GHzˁ
This broad definition includes both UHF and EHF (millimeter waves), and various sources use different 
boundaries. Effects of reflection, polarization, scattering, diffraction and atmospheric absorption usually 
associated with where the microwave propagates, that is the practical significance in the study of 
microwave testing. The key point of this test is if BP could be a solid state filter or not? The microwave 
propagating test was performed by a network analyzer (and with a jig as shown in Fig. 5) which sweeps 
from 4 MHz to 20 GHz by logging S-parameter S21. And, comparing the phenomenon change through S21,
weʳcan understand the microwave propagation properties under the influence of BP. The measurement 
scheme was shown in Fig. 5. 
Fig. 5 The schematic diagram of high-frequency microwave measurement. 
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3. Results and Discussion 
3.1. Tensile measurements 
According to Fig. 6 (stress vs. forming speeds) and Fig. 7 (strain vs. forming speeds), we could know 
that: 
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Fig. 6 The diagram of tensile stress vs. different disturbance speeds during BP formingˁʳ
ʳ
x On the part of stress endure 
According to Fig. 6, the forming speed, obviously, controls the ability of BP to endure stress, but with 
different results for different samples. If the sample is cut parallel to the direction of circumference, the 
higher forming speed would make BP endure more stress. But this phenomenon is opposite for samples 
with vertical direction. This is a valid evidence for vortex power, which could arrange the tube direction 
that truly makes the direction of tube to be different. There is a maximum stress value of 0.24 MPa under 
the forming speed of 800 rpm. It is obviously that this value saturates at this speed and preparation 
process.
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Fig.7 The diagram of tensile strain vs. different disturbance speeds during BP forming. 
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x On the part of strain endure 
According to Fig. 7, the forming speed, obviously, controls the ability of BP to endure strain. The 
strain of parallel direction always shows the value greater than vertical direction. However under the 
forming speed of 600 rpm, there is an identical mean for maximum strain enduring ability. But there is no 
obvious difference between these two curves, it is assumed that the structure of BP is “networks” that will 
distribute the amount of strain to each direction.  In short, the behavior of BP is rigidity and more 
flexibility than graphite. 
3.2. Low temperature measurement 
According to Fig. 8 and Fig. 9, it is shown that no matter both in parallel and vertical direction 
between current measuring and sample cutting, the forming speed is the key factor to control resistivity of 
BP. There are two different electron behavior models between these two figures. In Fig. 8, we could find 
that curves separated from each other obviously, but in Fig. 9 are not. Fig. 10 shows the reason why they 
are different, because there is more collision under the direction of vertical than parallel. 
The more important issue is that material in both Fig. 8 and Fig. 9 behaves as a negative temperature 
coefficient material. That means BP is a semiconductor-like material and with high conductivity, just like 
semi-metal. 
Figure 10 is a diagram showing why there are larger disturbances in Fig. 8 than Fig. 9 at temperatures 
of 150~200 K. It is assumed that there is a region of transient from non-elastic to elastic collision of 
electron. There exists a wide “space” to block electron to move smoothly and electrons must ‘hop” over 
the space for moving for ABP sample which is under the condition of perpendicular direction between 
current measuring and sample cutting. That’s why there are more disturbance under 150 K on Fig. 8. The 
literature [7] got the similar results using just one MWCNT. 
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Fig. 8 The diagram of resistivity of ABP which is 
under the condition of same direction between current 
measuring and sample cutting. 
Fig. 9 The diagram of resistivity of ABP which is 
under the condition of perpendicular direction 
between current measuring and sample cutting. 
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Fig. 10 The schematic diagram for electron transmission at low temperature. 
3.3. Microwave propagates testing 
Figure 11 shows that: 
x The aluminum (Al) micro strip has less than -3 db loss, which means that it is a good medium for 
microwave propagating (black line). 
x Filtering the signal propagating on Al micro strip by covering one layer of BP on it, the behavior of S-
parameter varied under various BP conditions: RBP (red line), parallel ABP (blue line), vertical ABP 
(Green line) and parallel ABP with 45° (peach color line)ˁ
x It is obviousʳthat by varying the angle between signal propagating and BP alignment, the tendency of 
signal absorption can be more controllable. 
The experiment information can be verified by theory simulation (HFSS) (olive line) under 2 to 4 GHz 
and 6 to 10 GHz bands. That means the feasibility of this device is solid real. 
Fig.11 The diagram of S-parameter of Al micro strip under the condition with or without BP filters. 
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4. Conclusions 
In this study, with the idea of bottom up, we filtrated the suspension of CNTs and make it as a sheet-
like bulk material, so called random buckypaper (RBP), and this allows the applications of CNTs in 
macro-scale achieve. 
Besides, in order to vary the property of BP, we added a vortex power to disturb suspension when 
filtration, that makes the direction of tube body align along the vortex circumference, and it becomes an 
alignment BP (ABP).  
According to our tests, RBP possesses the features of lightweight, sheet-like, robust, high specific 
surface area, and 78 % porosity. The four probes resistivity test showed that there is more electron 
collision under the direction of vertical. The results were opposite when the direction is parallel. Low 
temperature resistance test showed that both BP and ABP are the negative temperature coefficient 
material. It was assumed that BP is a semimetal material with high conductivity ability. Thus, it was 
considered to be an excellent material for microwave application (multi-band absorption). 
It would be possible of BP to make a same revolution in material history as semiconductor did (to 
replace ferroalloy), because of its precedence electrical properties. 
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